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SPIN-TORQUE MRAM: SPIN-RAM, ARRAY

BACKGROUND OF THE INVENTION

1. Field of the Invention

This mvention relates generally to memory cells array
structures, and methods for writing and reading the memory
cells. More particularly, this invention relates to spin-torque
magnetic random access memory (MRAM) cells, array struc-
tures for spin-torque MRAM cells, and methods for writing,
and reading spin-torque MRAM cells.

2. Description of Related Art

The term Spin-RAM refers to a magnetic tunnel junction
(MTJ) random access memory (RAM). In this context, the
term “‘spin” refers to the angular momentum of electrons
passing through an MT1J that will alter the magnetic moment
of a free layer of an MTJ device. Electrons possess both
clectric charge and angular momentum (or spin). It 1s known
in the art that a current of spin-polarized electrons can change
the magnetic orientation of a free ferromagnetic layer of an
MTJ via an exchange of spin angular momentum.

“A Novel Nonvolatile Memory with Spin-torque Transier
Magnetization Switching: Spin-Ram”, Hosomu, et al., IEEE
International Electron Devices Meeting, 2005. IEDM Tech-
nical Digest. December 2003, pp.: 459-462, provides a non-
volatile memory utilizing, spin-terque transfer magnetization
switching (STS), abbreviated Spin-RAM. The Spin-RAM 1s
programmed by magnetization reversal through an interac-
tion of a spin momentum-torque-transierred current and a
magnetic moment of memory layers 1n magnetic tunnel junc-
tions (MTJs), and therefore an external magnetic field 1s
unnecessary as that for a conventional MRAM.

Refer now to FIG. 1 for an explanation of spin-torque
transier switching (STS) in an M1 element 5 as described
Hosomi, et al. A spin-torque MTJ 5 element has two ferro-
magnetic layers, F1 10 and F2 15, and a spacer layer 20
between the ferromagnetic layers, F1 10 and F2 15. The
terromagnetic layers, F1 10 1s a pinned magnetic layer. The
spacer layer 20 1s a tunnel barrier layer. The ferromagnetic
layer F2 15 1s a free magnetic layer. When a spin polarized
clectron 40 flows through the ferromagnetic layers, F1 10 and
F2 15, the spin direction 42 rotates according to the directions
of magnetic moment M2 55 and M1 50 respectively to the
directions 43 and 44. The rotation of spin direction of the
clectrons 1n the ferromagnetic layers, F1 10 and F2 15 are the
origin of a spin-torque, dM1/dt 47 and dM2/dt 45, to the
magnetic moment M1 50 and M2 55. The given torque 1s large
enough, magnetization of ferromagnetic layer F2 15 and thus
the magnetic moment M2 55 1s reversed. The magnetization
of the ferromagnetic layers, F1 10 and F2 15 transforms from
parallel to anti-parallel alignment. This changes the MTJ
clement 5 from a low resistance state to a high resistance state
thus changing the logic state of the MTJ element from a first
logic state (0) to a second logic state (1).

The voltage source 335 provides the programming voltage
V . roc that generates the programming current 1, that 1s
reversed approprately change the programming state of the
MTIJ element 3.

As 1llustrated 1n FIG. 2, an MRAM cell 100 consists of an
MTIJ element 105 and a Metal Oxide Semiconductor (MOS)
transistor 110. The M1 element 105 1s composed of a pinned
terromagnetic layer 102 and a free ferromagnetic layer 104,
and a tunnel barrier layer 103 as described in FI1G. 1. The drain
of the MOS transistor 110 1s connected through a nonmag-
netic layer to the pinned ferromagnetic layer 102. The free
terromagnetic layer 104 1s connected to a bit line 115 and the
source of the MOS transistor 110 1s connected the source
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2

select line 120. The bit line 115 and source select line 120 are
connected to the bipolar write pulse/read bias generator 125.
The bipolar write pulse/read bias generator 123 provides the
necessary programming current to the MTJ element 105
through the bit line 115 and the source select line 120. The

direction being determined by logic state being programmed
to the MTJ element 105.

The gate of the MOS transistor 110 1s connected to a word
line 130. The word line 130 1s transiers a word line select
voltage to the gate of the MOS transistor 110 to activate the
MOS ftransistor 110 for reading or writing the logic state of
the MT1J element 105. A sense amplifier 135 has one input
terminal connected to the bit line and a second 1input terminal
connected to a voltage reference circuit. When the word line
115 has the word line select voltage activated to turn on the
MOS transistor 110, the bipolar write pulse/read bias genera-
tor 125 generates a bias current that passes through MTJ
clement 105. A voltage 1s developed across the MT1J element
105 that 1s sensed by the sense amplifier 135 and compared
with the reference voltage generator to determine the logic
state written to the M'TJ element 105. This logic state 1s
transierred to the output terminal of the sense amplifier 135 as
to the data output signal 145.

Reterto FIG. 3 for adescription of an array of MRAM cells
100. The MRAM cells 100 are arranged 1n rows and columns.
The gate ol the MOS transistor of each of the MRAM cell 100
on a row of the MRAM cells 100 1s connected to a word line
200q, 2005, ..., 200%-1, 2007 to recerve the word line select
signal to activate the MOS transistor for writing and reading
of a selected MRAM cell 100. One terminal of each of MTJ
element of the MRAM cells 100 on a column of MRAM cells
100 1s connected to a bit line 2054, 20556, . . ., 205m. The
source of each MOS transistor of each of the MRAM cells
100 1s connected to a source selectline 210a, 2105, ..., 210m.
During a write operation, a programming voltage 1s trans-
ferred either from a selected bit line 2054, 2055, . . ., 205m
through the selected MRAM cell 100 to the selected source
select line 210a, 21054, . . ., 210m or from selected source
select line 210a, 2105, , 210m through the selected
MRAM cell 100 to the a selected bit line 2054, 2055, .
205m, dependent upon the logic state to be written to the

selected MRAM cell 100.

The array structure of Hosomi, et al. as shown requires
essentially two bit lines—the bit lines 2054, 2050, . . ., 205m

and the source select lines 210a, 2105, 210#:. This strueture as
described leads to an 1nefﬁele11t cell and MRAM cell 100 and
array layout.

“Highly Scalable MRAM Using Field Assisted Current
Induced Switching”, Jeong, et al, 2005 Symposium on VLSI

Technology, 2003. Digest of Technical Papers, June 2005, pp.
184-185, describes an MRAM structure using current
induced switching.

“Spin-Transier Switching Current Distribution and Reduc-
tion 1n Magnetic Tunneling Junction-Based Structures™,
Huai, et al., IEEE Transactions on Magnetics, October 20035,
Vol.: 41, Issue: 10, pp.: 2621-2626, provides the results of
studies nto a spin transier switching current distribution
within a cell and switching current reduction at room tem-
perature for magnetic tunnel junction-based structures with

resistance area product (RA) ranged from 10 to 30€Q2° and
TMR of 15%-30%.

U.S. Pat. No. 6,097,626 (Brug, et al.) teaches an MRAM
device using magnetic field bias to suppress inadvertent
switching of half-selected memory cells. The magnetic field
bias 1s applied to hali-selected memory cells during a write
operation.
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U.S. Pat. No. 6,130,814 (Sun) describes a magnetic switch-
ing device, includes two electrodes and a nanoparticle
between the two electrodes having a magnetic moment. At
least one of the electrodes includes a magnetic material which
has a net spin polarization in 1ts conduction band for injecting,
into the nanoparticle, an electrical current including a net spin
polarization for overcoming the magnetic moment of the
nanoparticle upon selection of a predetermined magnitude for
the electrical current.

U.S. Pat. No. 6,847,347 (Albert, et al.) provides magneto-
statically coupled magnetic elements utilizing spin transier.
The magnetic element 1s configured to write to the free layers
using spin transier when a write current 1s passed through the
magnetic element.

U.S. Pat. No. 6,865,109 (Covington) describes a magnetic
random access memory having flux closure for the free layer
and spin transfer write mechanism.

U.S. Pat. No. 6,980,469 (Kent, et al.) illustrates a high
speed low power magnetic devices based on current induced
spin-momentum transier. The magnetic device comprises a
pinned magnetic layer with a fixed magnetization direction, a
free magnetic layer with a free magnetization direction, and a
read-out magnetic layer with a fixed magnetization direction.
The pinned magnetic layer and the free magnetic layer are
separated by a non-magnetic layer, and the free magnetic
layer and the read-out magnetic layer are separated by another
non-magnetic layer. The magnetization directions of the
pinned and free layers generally do not point along the same
axis. The non-magnetic layers minimize the magnetic inter-
action between the magnetic layers. A current 1s applied to the
device to induce a torque that alters the magnetic state of the
device so that 1t can act as a magnetic memory for writing
information.

U.S. Pat. No. 7,006,375 (Covington) provides a method of
writing to a magnetic random access memory by producing a
magnetic ficld along a magnetically hard axis of a free layer of
a magnetoresistive element; and passing current through the
magnetoresistive element to change a direction of magneti-
zation of the free layer by spin momentum transier.

U.S. Pat. No. 7,009,877 (Huai, et al.) illustrates a three-
terminal magnetostatically coupled spin transfer-based
MRAM cell. The MRAM cell has a spin transfer driven
clement, disposed between a first and a second of the three
terminals. A readout element 1s disposed between the second
terminal and a third of the three terminals. The spin transier
driven element and the readout element each include a free
layer. A magnetization direction of the free layer in the read-
out element indicates a data state. A magnetization reversal of
the free layer within the spin transier driven element magne-
tostatically causes a magnetization reversal ol the free layer in
the readout element, thereby recording the data state.

U.S. Pat. No. 7,102,920 (Perner, et al.) details a soft-refer-
ence three conductor magnetic memory storage device. The
device has parallel electrically conductive first sense/write
conductors and parallel electrically conductive sense conduc-
tors. The sense/write and second sense conductors provide a
cross point array where soft-reference magnetic memory
cells are provided 1n electrical contact with and located at
cach intersection. Parallel electrically conductive write col-
umn conductors substantially are proximate to and electri-
cally 1solated from the sense conductors. Sense magnetic

fields orient the soft-reference layer but do not alter the data
stored within the cell.

U.S. Patent Application 20060171198 (Saito, et al.)
describes a spin-injection magnetic random access memory.
The spin-injection magnetic random access memory includes
a magnetoresistive element having a magnetic fixed layer
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4

whose magnetization direction 1s fixed, a magnetic recording
layer whose magnetization direction can be changed by
injecting spin-polarized electrons, and a tunnel barrier layer
provided between the magnetic fixed layer and the magnetic
recording layer. A bit line passes spin-injection current
through the magnetoresistive element for generation of the
spin-polarized electrons. A writing word line has an assist
current passed through 1t for the generation of an assist mag-
netic field 1 a magnetization easy-axis direction of the mag-
netoresistive element. A driver/sinker determines a direction
of the spin-injection current and a direction of the assist
current.

SUMMARY OF THE INVENTION

An object of this mmvention 1s to provide a spin-torque
MRAM memory array having a source select line orthogonal
to a bit line.

Another object of this mnvention 1s to provide a spin-torque
MRAM memory array having a two step programming pro-
cess where a first logic level 1s written to selected spin-torque
MRAM cells during a first step and a second logic level 1s
written to selected spin-torque MRAM cells during a second
step.

Further, another object of this invention 1s provide a spin-
torque MRAM memory array where source select lines are
connected commonly and an inverse of data written to a
selected MRAM cell 1s applied to the commonly connected
source select line.

To accomplish at least one of these objects, a spin-torque
magnetic random access memory device includes a plurality
ol spin-torque MRAM cell arrays arranged in a plurality of
groups. Each spin-torque MRAM array includes a plurality of
spin-torque MRAM cells arranged in rows and columns.
Each spin-torque MRAM cell 1s formed of a magnetic tunnel
junction element, and a select switching device having a drain
terminal connected to a first terminal of the magnetic tunnel
junction element;

Each spin-torque MRAM array has a plurality of bit lines
such that each bit line 1s associated with one column of the
columns of the plurality of spin-torque MRAM cells. Each of
the bit lines 1s connected to a second terminal of the magnetic
tunnel junction element of the associated column of spin-
torque MRAM cells.

A plurality of word lines 1s included 1n each spin-torque
MRAM array such that each word line 1s associated with one
row of the plurality of spin-torque MRAM cells. Each word
line 1s connected to a gate terminal of the select switching
device of each spin-torque MRAM cell on each associated
row to control activation and deactivation of the select switch-
ing device.

Each spin-torque MRAM array has a plurality of source
select lines configured such that each of the source select lines
are orthogonal to each of the plurality of bit lines. Further,
cach source select line 1s associated with a pair of rows of the
plurality of spin-torque MRAM cells and connected to a
source terminal of the select switching device of each of the
spin-torque MRAM cells of each pair of rows of the plurality
of spin-torque MRAM cells.

Each column of the plurality of spin-torque MRAM cells 1s
associated with a column write select device. Each column
write select device has a source terminal connected to each of
the plurality of bit lines. A drain terminal 1s connected to
receive a data mput signal and gate terminal connected to
receive a column write select signal.

The spin-torque MRAM array has bit line decode circuit to
receive an address, input data, and a read/write select signal,
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decode the address, data iput signal, and read/write select
signal, and in communication with the plurality of bit lines,
the drain terminals and gate terminals of each of the plurality
ol write select devices to select which of the bit lines are
activated for reading one of the spin-torque MRAM cells on
cach selected column and activate those of the column write
select devices of a selected column to transfer the input data
signal derived from the mput data to one selected spin-torque
MRAM cell on the selected column;

The spin-torque magnetic random access memory device
has a word line decode circuait that recerves an address and 1s
in communication with each of the plurality of word lines.
The word line decode circuit decodes the address to activate
one of the word lines on one row of the array of spin-torque
MRAM cells.

The spin-torque magnetic random access memory device
has a select line decode circuit that recerves the address and
the read/write select signal to decode the address. The select
line decode circuit 1s 1n communication with each of the
plurality of source select lines to select one of the source
select lines from decoding the address to provide a first logic
level and a second logic level for reading and writing the
selected spin-torque MRAM cells.

The spin-torque magnetic random access memory device
turther includes a sense amplifier. The sense amplifier 1s
connected to each of the plurality of bit lines to receive a data
read signal from selected spin-torque MRAM cells, amplify
and condition the data read signal to generate output data read
from the selected spin-torque MRAM cells.

The data 1mnput signal applied to the spin-torque magnetic
random access memory device may be separate bits to be
transierred individually to each of the drains of the plurality
of column write select devices. Alternately, the data mput
signal 1s a single bit applied to a common connection of all the
drain terminals of the plurality of column write select devices.
Where the drain terminals of the plurality of column write
select devices are commonly connected, all of the plurality of
source select lines are commonly connected to receive an
inverse of the data mput signal.

In a first writing method, a selected spin-torque MRAM
cell within a spin-torque MRAM array 1s written to a first
logic level (0) during a first writing step by the word line
decode circuit activating the word line associated with the
selected spin-torque MRAM cell. The bit line decode circuit
then activates the column write select signal connected to the
column write select device connected to the column associ-
ated with the selected spin-torque MRAM cell. The bit line
decode circuit applies a data input signal at the first logic level
to the drain of the column write select device connected to the
one column associated with the selected spin-torque MRAM
cell. The select line decode circuit the applies a second logic
level to the source select line of the pair of rows associated
with the selected spin-torque MRAM cell.

If the first logic level 1s to be written to the selected spin-
torque MRAM cell, a second writing step does not change the
selected spin-torque MRAM cell. The second writing step
only writes the second logic level to selected spin-torque
MRAM cells. The selected spin-torque MR AM cell 1s written
to the second logic level during the second writing step by the
word line decode circuit activating the word line associated
with the selected spin-torque MR AM cell. The bitline decode

circuit then activates the column write select signal connected
to the column write select device connected to the column
associated with the selected spin-torque MRAM cell. The bit
line decode circuit applies the data input signal at the second
logic level to the drain of the column write select device
connected to the one column associated with the selected
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spin-torque MRAM cell. The select line decode circuit then
applies the first logic level to the source select line of the pair
of rows associated with the selected spin-torque MRAM cell.

In a second writing method, a selected spin-torque MRAM
cell 1s written to a first logic level (O) during a first writing step
by the word line decode circuit activating the word line asso-
ciated with the selected spin-torque MR AM cell. The bit line
decode circuit activates the column write select signal that 1s
connected to the column write select device connected to the
column associated with the selected spin-torque MRAM cell.
The bit line decode circuit applies a data input signal as the
first logic level to the drain of the column write select device
that 1s connected to the one column associated with the
selected spin-torque MRAM cell. The select line decode cir-
cuit applies a second logic level to the source select line of the
pair of rows associated with the selected spin-torque MRAM
cell to write the first logic level to selected spin-torque
MRAM cell. During the writing of the first logic level to the
selected spin-torque MRAM cell, a second writing step does
not change the selected spin-torque MRAM cell.

When the second logic level 1s to be written to the selected
spin-torque MRAM cell, a first writing step writes a first logic
level to the selected spin-torque MR AM cell by the word line
decode circuit activating the word line associated with the
selected spin-torque MRAM cell. The bit line decode circuit
activates the column write select signal connected to the
column write select device that 1s connected to the column
associated with the selected spin-torque MRAM cell. The bit
line decode circuit applies a data input signal set to the first
logic level to the drain of the column write select device that
1s connected to the one column associated with the selected
spin-torque MRAM cell. The select line decode circuit then
applies a second logic level to the source select line of the pair
of rows associated with the selected spin- -torque MRAM cell
to write the first logic level to selected spin-torque MRAM
cell, even though the selected spin-torque MRAM cell may be
being written to the second logic level.

A selected spin-torque MR AM cell 1s written to the second
logic level during the second writing step by the word line
decode circuit activating the word line associated with the
selected spin-torque MRAM cell. The bit line decode circuit
activates the column write select signal connected to the
column write select device that 1s connected to the column
associated with the selected spin-torque MRAM cell. The bit
line decode circuit applies data input signal that 1s the second
logic level to the drain of the column write select device that
1s connected to the one column associated with the selected
spin-torque MRAM cell. The select line decode circuit then
applies the first logic level to the source select line of the pair
of rows associated with the selected spin-torque MRAM cell
and the selected spin-torque MRAM cell 1s written to the
second logic level.

In a third method of writing a spin-torque MRAM, a plu-
rality of selected spin-torque MRAM cells have data written
to them during a first writing step by the word line decode
circuit activating the word line associated with the plurality of
selected spin-torque MR AM cells. The bit line decode circuit
activates the column write select signals connected to the
column write select devices that 1s connected to the columns
associated with the plurality of selected spin-torque MRAM
cell. The bit line decode circuit applies data input signals of a
firstlogic level and a second logic level representative of input
data to be written the plurality of selected spin-torque MRAM
cells to the drains of the column write select devices con-
nected to the columns associated with each of the plurality of
selected spin-torque MRAM cell. The select line decode cir-
cuit the applies a second logic level to the source select line of
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the pair of rows associated with the plurality selected spin-
torque MRAM cell to write the first logic level to those
selected spin-torque MRAM cell that are to have the first
logic level written to them and to leave unchanged those of the
plurality of selected spin-torque MR AM cells that are to have
the second logic level written to them.

During the writing the input data to the plurality of selected
spin-torque MRAM cell, a second writing step 1s accom-
plished by the select line decode circuit applying the first
logic to the source select line of the pair of rows associated
with the plurality of selected spin-torque MRAM cells such
that the second logic level 1s written to those of the plurality of
selected spin-torque MRAM cells that are to have the second
logic level written to them and leave unchanged those of the
plurality of selected spin-torque MRAM cells that have had
the first logic level written to them.

In a fourth method of writing a spin-torque MRAM cell
array, a plurality of selected spin-torque MRAM cells have
data written by the performing a first writing step and second
writing step. The first writing step starts by the word line
decode circuit activating the word line associated with the
plurality of selected spin-torque MRAM cells. The bit line
decode circuit activates the column write select signals con-
nected to the column write select devices that are connected to
the columns associated with the plurality of selected spin-
torque MRAM cells. The bit line decode circuit applies a first
logic level representative of input data to be written the plu-
rality of selected spin-torque MR AM cells to the drains of the
column write select devices that are connected to the columns
associated with each of the plurality of selected spin-torque
MRAM cells. The select line decode circuit then applies a
second logic level to the source select line of the pair of
associated with the plurality selected spin-torque MR AM cell

to write the first logic level to all selected spin-torque MRAM
cells.

The second writing step 1s accomplished by the bit line
decode circuit applying data input signals of the first logic and
the second logic level representative of input data to be writ-
ten the plurality of selected spin-torque MRAM cells to the
drains of the column write select devices that are connected to
the columns associated with each of the plurality of selected
spin-torque MRAM cells. The select line decode circuit
applies the first logic to the source select line of the pair of
rows associated with the plurality of selected spin-torque
MRAM cells such that the second logic level 1s written to
those of the plurality of selected spin-torque MRAM cells
that are to have the second logic level written to them and
leave unchanged those of the plurality of selected spin-torque
MRAM cells that have had the first logic level written to them.

In a fifth method of writing a spin-torque MR AM cell array
a selected spin-torque MRAM cell has data written to 1t by the
word line decode circuit activating the word line associated
with the selected spin-torque MR AM cell. The bitline decode
circuit activates the column write select signal connected to
the column write select device that 1s connected to the column
associated with the selected spin-torque MRAM cell. The bit
line decode circuit applies data input signals representative of
input data to be written to the selected spin-torque MRAM
cell to the drain of the column write select device that 1s
connected to the column associated with the selected spin-
torque MRAM cell. The select line decode circuit then
applies an inverse of the data mput signals to the source select
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line of the pair of rows associated with the plurality selected
spin-torque MRAM cell to write the input data to the selected
spin-torque MRAM cell.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a diagram of a spin-torque magnetic tunnel junc-
tion of the prior art.

FIG. 2 1s a block diagram of a spin-torque magnetic tunnel
munction memory cell and 1ts peripheral circuitry of the prior
art.

FIG. 3 1s schematic diagram of a spin-torque magnetic
tunnel junction memory cell array of the prior art.

FIG. 4 1s schematic diagram of a first embodiment of a
spin-torque magnetic tunnel junction memory cell array of
this 1nvention.

FIG. 5 1s schematic diagram of a second embodiment of a
spin-torque magnetic tunnel junction memory cell array of
this 1nvention.

FIG. 6 1s block diagram of a spin-torque magnetic tunnel
junction memory device of this invention.

FI1G. 7a-7d are tables of logic levels for variations 1n writ-
ing the first embodiment of a spin-torque magnetic tunnel
junction memory cell array of this invention shown 1in FI1G. 4.

FIG. 8 1s process diagram for a first method for writing to
the first embodiment of a spin-torque magnetic tunnel junc-
tion memory cell array of this invention shown in FIG. 4.

FIG. 9 1s process diagram for a second method for writing

to the first embodiment of a spin-torque magnetic tunnel
junction memory cell array of this invention shown 1in FI1G. 4.

FIG. 10 1s process diagram for a third method for writing to
the first embodiment of a spin-torque magnetic tunnel junc-
tion memory cell array of this invention shown 1n FIG. 4.

FIG. 11 1s process diagram for a fourth method for writing
to the first embodiment of a spin-torque magnetic tunnel
junction memory cell array of this invention shown 1in FI1G. 4.

FIG. 12 1s process diagram for a method for writing to the
second embodiment of a spin-torque magnetic tunnel junc-
tion memory cell array of this invention shown 1n FIG. 5.

DETAILED DESCRIPTION OF THE INVENTION

The spin-torque MRAM array of this invention has a plu-
rality of MRAM cells arranged 1n rows and columns. Bit lines
are connected to each of the MR AM cells for each column of
the MRAM cells. Source select lines are connected to each
MRAM cell of a pair of rows of MRAM cells are oriented
orthogonally to the bit lines. Write lines are connected to the
gate of the gating MOS transistor of each MRAM cell of the
rows ol the MRAM cells.

In a first step of a first method for writing a selected MRAM
cell of an array of MRAM cells, the selected MRAM cell 1s
written to first logic level (0) 11 the data signal to be written 1s
to be the first logic level. It the selected MRAM cell 1s to be
the second logic level (1), 1t remains unchanged. For a second
step of the first method, the selected MRAM cell remains
unchanged, 1f the data signal to be written 1s to the first logic
level. However, 1t the data signal to be written 1s the second

logic level, the second logic level 1s written to the selected
MRAM cell.

In a first step of a second method for writing a selected
MRAM cell of an array of MRAM cells, the selected MRAM
cell 1s written to the first logic level regardless of the logic
level of the data signal to be written. For a second step of the
second method, the selected MRAM cell remains unchanged,
if the data signal to be written 1s to the first logic level.
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However, 11 the data signal to be written 1s the second logic
level, the second logic level 1s written to the selected MRAM
cell.

In a first step of a third method for writing multiple selected
MRAM cells of arow of an array of MR AM cells, the selected
MRAM cells 1s written to first logic level for those of the
selected MR AM cells where the data signal to be written 1s to
be the first logic level and for those selected MR AM cells that
are to be the second logic level, the logic level remains
unchanged. For a second step of the third method, the selected
MRAM cells remains unchanged, for those MRAM cells
where the data signal to be written 1s to the first logic level.
However, for those MRAM cells where the data signal to be
written 1s the second logic level, the second logic level 1s
written to the selected MRAM cells.

In a first step of a fourth method for writing multiple
selected MRAM cells of arow of an array of MR AM cells, all
the selected MRAM cells are written to first logic level. For a
second step of the fourth method, the selected MRAM cells
remains unchanged, for those MRAM cells where the data
signal to be written 1s to the first logic level. However, for
those MRAM cells where the data signal to be written 1s the
second logic level, the second logic level 1s written to the
selected MRAM cells.

In a second embodiment of the spin-torque MRAM array
of this invention, the bit lines that are connected to each of the
MRAM cells for each column of the MRAM cells are com-
monly connected to recerve one data signal bit. Similarly, the
source select lines that are connected to each MRAM cell of
a pair ol rows of MRAM cells are commonly connected. As
with the first embodiment, the write lines are connected to the
gate of the gating MOS transistor of each MRAM cell of the
rows of the MRAM cells. The commonly connected bit lines
are connected to receive a single bit data signal and the
commonly connected source select lines are connected to an
inverse ol the single bit data signal. The fifth method for
writing a selected MRAM cell of the second embodiment of
the array of MRAM cells, the selected MRAM cell 1s written
to the logic level of the data signal to be written by setting the
commonly connected bit lines to the logic level of the data
signal and the commonly connected source select lines to the
iverse logic level of the data signal.

Refer to FI1G. 4 for a description of an array of MRAM cells
100 of this invention. The MRAM cells 100 are arranged 1n
rows and columns. The gate of the MOS transistor of each of
the MRAM cell 100 on a row of the MRAM cells 100 1s
connected to a word line 325a, 3255, . .., 325r-1, 325r to
receive the word line select signal to activate the MOS tran-
sistor for writing and reading of a selected MRAM cell 100.
One terminal of each MTJ element of the MRAM cells 100 on
a column of MRAM cells 100 1s connected to a bit line
305aq, ..., 305%n. The source of each MOS transistor of each
of the MRAM cells 100 present on a row 1s connected to a
source select line 330a, . . ., 330%. It should be noted that there
are twice the number of word lines 325aq, 32554 . .., 325n-1,
325n and bit lines 3054, . . ., 305% as there are source select
lines 330aq, . . ., 330%. During a write, a programming current
1s transferred either from a selected bit line 305a, 3055, . . .,
305m through the selected MRAM cell 100 to the selected
source select line 330q, . . ., 330# or from selected source
select line 330aq, . . ., 330% through the selected MRAM cell
100 to the a selected bit line 3054, 3055, . . ., 305m, dependent
upon the logic state to be written to the selected MRAM cell
100.

One end of each of the bit lines 3054a, 30554, . . ., 305m 1s
connected to the source of a gating MOS transistor 310a,
3100, . . ., 310m. The drain of each of the gating MOS
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transistors 310a, 3105, . . ., 310 1s connected to receive one
bit of a data mnput signal 315q, 3155, . . ., 315m and the gate
of each of the gating MOS transistors 310a, 3105, . .., 310
1s connected to receive a column write select signal v, 320a,
v, 3200, ...,y, 320m. A sense amplifier (not shown) 1s also
connected to each of the bit lines 305a, 30554, . . ., 305m for
sensing the logic state (low resistance vs high resistance) of
cach of each of the MT1J devices of the MRAM cell 100 to
read data from the selected MRAM cell(s) 100.

During a read operation the data input signal 313a,
315b, .. ., 315m 1s replaced by a biasing current that passes
through a selected gating MOS transistors 310qa, 3105, . . .,
310m to a selected gating MOS transistor 310a, 3105, . . .,
310m to a selected MRAM cell 100. A selected word line
word line 325aq, 32554, . . ., 325»-1, 325# 1s activated and a
selected source select line 330aq, . . ., 330% 1s set to a ground
reference voltage. The biasing current passes through the
selected MRAM cell 100 to the selected source select line
330q, ..., 330~ and the voltage developed across the selected
M. {AM Cell 100 1s sensed by the sense amplifier connected to
the selected bit line 3054, 3055, . . ., 305m. The methods for
writing of a selected MRAM cell 100 will be explained here-
inafter.

In FIG. 4 the bit lines 305a, 3055, . . ., 305m are separately
connected to individual bits of the data input signal 315a,
3155, . . ., 315m and the source select lines 3304, .. ., 330%
are connected pair wise to rows of the MRAM cells 100. A
second embodiment of an array of MRAM cells 100 of this
invention 1s shown in FIG. 5. The MRAM cell 100 are
arranged 1n rows and columns as 1n FIG. 4 with one terminal
of each MRAM cell 100 connected to one of the bit lines
3054, 3055, .. .,305m and a second terminal at the source of
the gating MOS transistor of each of the MRAM cells 100 1s
connected to one of the source select lines 330qa, . . ., 330% as
described in FIG. 4. Similarly, the gate of each of the gating
MOS transistors of each the MRAM cells 100 1s connected to
the word line 325a, 3235, . . ., 325n-1, 323n associated with
the row containing each of the MKAM cells 100. In this
second embodiment, all of the drains of each of the gating
MOS transistors 310q, 3105, . . ., 310m are commonly con-
nected to recetve a signal bit data input signal 350. All of the
source select lines 330a, . . ., 330% are similarly commonly
connected to recerve an 1inverse 360 of the signal bit data input
signal 350.

Each array of MRAM cells as described are formed 1nto
groups of arrays to construct a spin-torque MRAM device as
described in FIG. 6. Groups of the MRAM cell arrays 405 are
organized into groups of arrays 400. The bit line decode
circuit 410 1s connected to each of the MRAM cell arrays 405
to provide the data input signal to the appropriate bit lines of
the MRAM cell arrays 4035 and to provide the column write
select signal to activate the gating MOS transistors for a
selected column of the MRAM cell arrays 405.

A word line decode circuit 4135 1s connected to each of the
word lines 465 of each of the MRAM cell arrays 405. The
word line decode circuit 415 recerves the address signal 430
defining which row of which of the MRAM cell arrays 405 1s
to written to or read from. The source select line decode
circuit 420 1s connected to source select lines 460 of each row
pair of the MRAM cell arrays 405 to provide the source select
signal for writing and reading the selected MR AM cells of the
MRAM cell arrays 405. The source select line decode circuit
420 recerves the address signal 430 and the read/write signal
435 and determines which of the MRAM cells 1s to read or
written.

The bipolar write/read generator 423 recerve the data input
signal and a clock timing signal 445. With the read/write
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signal 435 and the address signal 430 provides the necessary
biasing and control signals to the bit line decode circuit 410
and the source select line decode circuit 420 for reading data
from and writing data to the MR AM cells of the MRAM cell
arrays 405. During a read operation, the sense amplifier 470
receives the data sense signals from the selected MRAM
cells, amplifies, and conditions the data sense signals to gen-
crate the output data signals 475 for transfer external cir-
cuitry.

The methods for writing to the spin-torque magnetic ran-
dom access memory device having arrays of MRAM cells of
the first embodiment of this invention, as shown in FIGS.
7a-Tdhave two steps. The first step writes a first logic level (0)
to either those selected MRAM cells that are to have a logic
state of the first logic level or to all the MRAM cells. The
second step writes a second logic level (1) to only those
selected MRAM cells that are to have the logic state of the
second logic level. Those MRAM cells that were written to
the first logic level 1n the first step are leit unchanged during
the second step. The writing of the selected MR AM cells may
be for a single selected cell or for multiple cells on a selected
row. The entire row may be written in one of the methods for
writing.

Refer now FIG. 7aq and FIG. 4 for a discussion of writing a
single cell within an array of MRAM cells of this invention.
The table of FIG. 7a describes the operation of the group of
MRAM cells 300 of FI1G. 4. In this example, the cell C11 1s to
be written to the first logic level (0). In the first step, the word
line 325a 1s set to the second logic level (H) to activate the
MOS ftransistors of the MRAM cells 100. The second word
line 3255 are set to the first logic level to deactivate the MOS
transistors of the MRAM cells 100 of the other row of the
group 300 of the MRAM cells 100. It 1s apparent that while
we are discussing only the second word line 3255 that all
other word lines . . ., 325%-1, 325» are deactivated. The
column write select signal y, 320a 1s set to the second logic
level (H) to activate the gating MOS transistor 310q and the
column write select signal y, 3205 1s set to the first logic level
(L) to deactivate the gating MOS transistor 31056. Again 1t 1s
apparent that the other gating MOS transistors . . ., 310w
would also be deactivated. The data input signal 3154 1s set to
the first logic level and the source select line S12 330q 15 set
to the second logic level. The first logic level (0) 1s written to
the MRAM cell C11 and all other MRAM cells 100 remain
unchanged. In the second step, the source selectline S12 330a
1s set to the first logic level and the MRAM cell C11 remains
unchanged.

In the second example of the table of FI1G. 7a, the cell C11

1s to be written to the second logic level (1). In the first step the
word line 325aq 1s set to the second logic level (H) to activate
the MOS ftransistors of the MRAM cells 100. The second
word line 3255 are set to the first logic level to deactivate the
MOS transistors of the MRAM cells 100 of the other row of
the group 300 of the MRAM cells 100. It 1s apparent that
while we are discussing only the second word line 3255 that
all other word lines . . ., 325#-1, 325# are deactivated. The
column write select signal v, 320a 1s set to the second logic
level (H) to activate the gating MOS transistor 310a and the
column write select signal y, 3205 1s set to the first logic level
(L) to deactivate the gating MOS transistor 3105. Again 1t 1s
apparent that the other gating MOS transistors . . ., 310w
would also be deactivated. The data input signal 3154 1s set to

the first logic level and the source select line S12 330aq 15 set
to the second logic level. The MRAM cell C11 remains
unchanged as do all other MRAM cells 100 remain

unchanged. In the second step, the source selectline S12 330a
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1s set to the first logic level and the MRAM cell C11 1s now
written to the second logic level (1).

Reter now FIG. 75 and FIG. 4 for a discussion of a second
approach for writing a single cell within an array of MRAM
cells of this invention. The table of FIG. 75 describes the
operation of the group of MRAM cells 300 of FIG. 4. In this
example, the cell C11 1s to be written to the first logic level (0)
and the word line word lines 3254 and 3255, the column write
select signals y, 320a and y, 3205, the data input signal 315a,
and the source select line S12 330q are set as described 1n the
first method shown in FIG. 7a. In this second method, 1f the
cell C11 1s to be written to the second logic level (1), the first
step has the data mput signal 315a set to the first logic level
(L) to write the MRAM cell C11 to the first logic level (0). In
the second step, the data input signal 315a 1s set to the second
logic level (H) and the source select line S12 330a 15 set to the
first logic level to write the MRAM cell C11 to the second
logic level (1).

Reter now FIG. 7¢ and FIG. 4 for a discussion of writing a
multiple MRAM cells (C11 and C12) within an array of
MRAM cells of this invention. The table of FIG. 7¢ describes
the operation of the group of MRAM cells 300 of FIG. 4. In
this example, the cells C11 and C12 are to be written. The
word lines 325a and 3255, the column write select signals v,
320aq and v, 3205b, the data input signal 313a, and the source
select line S12 330q are set as described 1n the first method
shown 1n FI1G. 7a for the first step. The data input signal 3154
and 3155 are set to their desired logic states (first logic level
(0) or the second logic level (1). When the either one or both
of the MRAM cells C11 and C12 are to be written to the first
logic level (0), those MRAM cells C11 and C12 are written
and the others remain unchanged. During the second step, the
source selectline S12 330aq 1s set to the first logic level to write
the MRAM cells C11 and C12 that are to be written to the
second logic level (1) and to leave those of the MRAM cells
C11 and C12 that were written to the first logic level (0)
unchanged.

Reter now FIG. 7d and FI1G. 4 for a discussion of a second
approach for writing a multiple MRAM cells (C11 and C12)
within an array of MR AM cells of this invention. The table of
FIG. 7d describes the operation of the group of MRAM cells
300 of FIG. 4. In this example, the cells C11 and C12 are to be
written. The word lines 325a and 3255, the column write
select signals y, 320aq and y, 3205, and the source select line
S12 330q are set as described 1n the first method shown 1n
FIG. 7a for the first step. The data input signal 3154 and 3155
are set to the first logic level (0) to write the first logic level to
both the MRAM cells C11 and C12. During the second step,
the source selectline S12 3304 1s set to the first logic level and
the data input Slgnal 315a and 3155b are set to their desired
logic levels (first logic level (0) or the second logic level (1) to
write the MRAM cells C11 and C12 that are to be written to
the second logic level (1) and to leave those of the MRAM
cells C11 and C12 that were written to the first logic level (0)
remain unchanged.

Retfer now to FIG. 8 for a discussion of a first method for
writing to a single cell of an array of MRAM cells. An address
1s decoded (Box 500) to select which column and row con-
tains the selected MRAM cell that 1s to be written to. The
input data signal 1s determined (Box 505). If the data 1s to be
written 1s the second logic level (1), the first step 1s performed
(Box 510). In the first step, the data mput signal set at the
second logic level (1) 1s applied to the drain of the gating
MOS ftransistor on the column containing the selected
MRAM cell. The word line connected to the gates of the MOS
transistor of the selected MR AM cell 1s activated and all other
word lines are deactivated. The column write select signal
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activates the gating MOS transistor connected to the column
containing the selected MRAM cell. The remaining column
write select signals keep the gating MOS transistors con-
nected to the columns that do not contain the selected MRAM
cell inactive. The source select line 1s set to the second logic
level and the selected MRAM cell remains unchanged.

The second step 1s then performed (Box 513). In the second
step, the data 1nput signal set at the second logic level (1) 1s
applied to the drain of the gating MOS transistor on the
column containing the selected MRAM cell. The word line
connected to the gates of the MOS transistor of the selected
MRAM cell 1s activated and all other word lines are deacti-
vated. The column write select signal activates the gating
MOS ftransistor connected to the column contaiming the
selected MRAM cell. The remaining column write select
signals keep the gating MOS transistors connected to the
columns that do not contain the selected MRAM cell inactive.

The source select line 1s set to the first logic level and the
selected MRAM cell 1s written to the second logic state (1).

If the data 1s to be written 1s the first logic level (0), the first
step 15 performed (Box 520). In the first step, the data input
signal set at the first logic level (0) 1s applied to the drain of the
gating MOS transistor on the column containing the selected
MRAM cell. The word line connected to the gates of the MOS
transistor of the selected MR AM cell 1s activated and all other
word lines are deactivated. The column write select signal
activates the gating MOS transistor connected to the column
containing the selected MRAM cell. The remaining column
write select signals keep the gating MOS transistors con-
nected to the columns that do not contain the selected MRAM
cell inactive. The source select line 1s set to the second logic
level and the selected MRAM cell 1s written to the first logic
level (0).

The second step 1s then performed (Box 525). In the second
step, the data input signal set at the first logic level (0) 1s
applied to the drain of the gating MOS transistor on the
column containing the selected MRAM cell. The word line
connected to the gates of the MOS transistor of the selected
MRAM cell 1s activated and all other word lines are deacti-
vated. The column write select signal activates the gating
MOS ftransistor connected to the column contaiming the
selected MRAM cell. The remaining column write select
signals keep the gating MOS transistors connected to the
columns that do not contain the selected MRAM cell inactive.
The source select line 1s set to the first logic level and the
selected MRAM cell remains unchanged.

The data input signal and the address signal are tested (Box
530) to determine 11 all selected MRAM cells that are to be
written are written. If the selected MRAM cells are not all
written, the address 1s decoded (Box 3500) and the process
repeated. If the selected MRAM cells are written, the writing
process ends.

Refer now to FI1G. 9 for a discussion of a second method for
writing to a single cell of an array of MRAM cells. An address
1s decoded (Box 550) to select which column and row con-
tains the selected MRAM cell that 1s to be written to. In the
first step (Box 555), the data input signal set at the first logic
level (0) 1s applied to the drain of the gating MOS transistor on
the column containing the selected MRAM cell. The word
line connected to the gates of the MOS transistor of the
selected MRAM cell 1s activated and all other word lines are
deactivated. The column write select signal activates the gat-
ing MOS transistor connected to the column containing the
selected MRAM cell. The remaining column write select
signals keep the gating MOS transistors connected to the
columns that do not contain the selected MRAM cell. The
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source select line 1s set to the second logic level and the
selected MRAM cell 1s written to the first logic level (0).

The input data signal 1s determined (Box 560). If the data 1s
to be written 1s the second logic level (1), the second step 1s
performed (Box 565). In the second step, the data input signal
set at the second logic level (1) 1s applied to the drain of the
gating MOS transistor on the column containing the selected
MRAM cell. The word line connected to the gates of the MOS
transistor of the selected MR AM cell 1s activated and all other
word lines are deactivated. The column write select signal
activates the gating MOS transistor connected to the column
containing the selected MRAM cell. The remaining column
write select signals keep the gating MOS transistors con-
nected to the columns that do not contain the selected MRAM
cell inactive. The source select line 1s set to the first logic level
and the selected MRAM cell 1s written to the second logic
state (1).

If the data 1s to be written 1s the first logic level (0), the
second step 1s then performed (Box 570). In the second step
(Box 570), the data input signal set at the first logic level (0)
1s applied to the drain of the gating MOS transistor on the
column containing the selected MRAM cell. The word line
connected to the gates of the MOS transistor of the selected
MRAM cell 1s activated and all other word lines are deacti-
vated. The column write select signal activates the gating
MOS transistor connected to the column containing the
selected MRAM cell. The remaining column write select
signals keep the gating MOS transistors connected to the
columns that do not contain the selected MRAM cell inactive.
The source select line 15 set to the first logic level and the
selected MRAM cell remains unchanged.

The data input signal and the address signal are tested (Box
575) to determine 11 all selected MRAM cells that are to be
written are written. If the selected MRAM cells are not all
written, the address 1s decoded (Box 550) and the process
repeated. If the selected MRAM cells are written, the writing,
process ends.

Reter now to FIG. 10 for a discussion of a first method for
writing to multiple MRAM cells up to an entire row of
MRAM cells of an array of MRAM cells. An address 1s
decoded (Box 600) to select which column and row contains
the selected MR AM cells that are to be written to. In the first
step (Box 605), the word line (WL) connected to the gates of
the MOS transistor of the selected MRAM cell 1s activated
and all other word lines (WL) are deactivated. The column
write select signal (y, ) activates the gating MOS transistors
connected to the columns containing the selected MRAM
cells. The remaining non-selected column write select signals
(v, ) keep the gating MOS transistors connected to the col-
umuns that do not contain the selected MRAM cells 1nactive.
The source select line 1s set to the second logic level. The
input data signal (D, ) 1s determined (Box 610). If the data 1s
to be written 1s the second logic level (1), data input signal set
at the second logic level (1) 1s applied to the drains of the
gating MOS transistors on the columns containing the
selected MRAM cells and those of the selected MRAM cells
that are to be written to the second logic level (1) are not
changed. If the data to be written 1s the first logic level (0),
data input signal set at the first logic level (0) 1s applied to the
drain of the gating MOS transistors on the columns contain-
ing the selected MRAM cells and those of the selected
MRAM cells that are to be written to the first logic level (0)
have their logic state change to the first logic level (0).

The second step 1s then performed (Box 623). Inthe second
step (Box 625), the word line (WL) connected to the gates of
the MOS transistors of the selected MRAM cells are activated
and all other word lines (WL) are deactivated. The column
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write select signal (y, ) activates the gating MOS transistors
connected to the column containing the selected MRAM
cells. The remaining column write select signals (y, ) keep the
gating MOS transistors connected to the columns that do not
contain the selected MRAM cells 1nactive. The source select
line 1s set to the first logic level. The input data signal (D, ) 1s
determined (Box 630). If the data 1s to be written 1s the second
logic level (1), data input signal set at the second logic level
(1) 1s applied to the drains of the gating MOS transistors on
the columns containing the selected MRAM cells and those
of the selected MRAM cells that are to be written to the
second logic level (1) have their logic state change to the
second logic level (1). If the data to be written 1s the first logic
level (0), data input signal 1s set at the first logic level (0) 1s
applied to the drains of the gating MOS transistors on the
columns containing the selected MRAM cells and those of
the selected MRAM cells that are to be written to the first
logic level (0) remain unchanged.

The data input signal and the address signal are tested (Box
650) to determine 11 all selected MRAM cells that are to be
written are written. If the selected MRAM cells are not all
written, the address 1s decoded (Box 600) and the process
repeated. If the selected MRAM cells are written, the writing,
process ends.

Refer now to FIG. 11 for a discussion of a second method
for writing to a multiple cells up to an entire row of an array
of MRAM cells. An address 1s decoded (Box 660) to select
which column and row contains the selected MR AM cell that
1s to be written to. In the first step (Box 663), data input signal
(D, ) set at the first logic level (0) 1s applied to the drains of the
gating MOS ftransistors on the columns contaiming the
selected MRAM cells. The word line (WL) connected to the
gates of the MOS transistors of the selected MRAM cells 1s
activated and all other word lines are deactivated. The column
write select signal (y,) activates the gating MOS transistors
connected to the columns containing the selected MRAM
cells. The remaining column write select signals (y, ) keep the
gating MOS transistors connected to the columns that do not
contain the selected MRAM cell mactive. The source select
line (y,) 1s set to the second logic level and the data for all the
selected MRAM cells have their logic state change to the first
logic level (0).

The input data signal (D, ) 1s determined (Box 670). For the
data to be written that 1s the second logic level (1), the second
step 1s performed (Box 675). Inthe second step (Box 675), the
data input signal set at the second logic level (1) 1s applied to
the drains of the gating MOS transistor on the columns con-
taining the selected MRAM cells that are to be to the second
logic level (1). The word line (WL) connected to the gates of
the MOS transistors of the selected MRAM cells 1s activated
and all other word lines (WL) are deactivated. The column
write select signal (S, ) activates the gating MOS transistors
connected to the columns containing the selected MRAM
cells. The remaining column write select signals (S, ) keep
the gating MOS transistors connected to the columns that do
not contain the selected MRAM cell nactive. The source
select line (v, ) 1s set to the first logic level (0) and the selected
MRAM cell 1s written to the second logic state (1).

For the data that 1s to be written 1s the first logic level (0),
the second step 1s then performed (Box 680). In the second
step (Box 680), the data imnput signal (D, ) set at the first logic
level (0) 1s applied to the drains of the gating MOS transistors
on the columns containing the selected MRAM cells that are
to be written to the first logic level (0). The word line (WL)
connected to the gates of the MOS transistors of the selected
MRAM cells 1s activated and all other word lines (WL) are

deactivated. The column write select signal (y, ) activates the
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gating MOS transistors connected to the columns containing
the selected MRAM cells. The remaining column write select
signals (v, ) keep the gating MOS transistors connected to the
columns that do not contain the selected MRAM cells 1nac-
tive. The source select line (S, ) 1s set to the first logic level
and the selected MRAM cell remains unchanged.

The data input signal (D, ) and the address signal are tested
(Box 690) to determine 11 all selected MRAM cells that are to
be written are written. If the selected MR AM cells are not all
written, the address 1s decoded (Box 660) and the process
repeated. If the selected MRAM cells are written, the writing,
process ends.

The method of writing to a selected MRAM cell of the
second embodiment of the spin-torque MRAM array of this
imnvention 1s shown 1n FIG. 12. As shown 1n FIG. 5, the bit
lines that are connected to each of the MRAM cells for each
column of the MRAM cells are commonly connected to
receive one data signal bit. Similarly, the source select lines
that are connected to each MRAM cell of a pair of rows of
MRAM cells are commonly connected. A recerve address 1s
decoded (Box 700). The word line connected to the gate of the
MOS transistor of the selected MRAM cell 15 activated (Box
705) and all other word lines are deactivated (Box 710). The
column write select signal activates (Box 7135) the gating
MOS transistor connected to the column contaiming the
selected MRAM cell. The remaining column write select
signals keep the gating MOS transistors connected to the
columns that do not contain the selected MRAM cell are
mactive (Box 720). The data input signal D 1s applied (Box
725) to all the drains of the gating MOS transistors on the all
the columns of the spin-torque MRAM array. The inverse
data signal D 1s applied (Box 730) to the source select line of
the row containing the selected MRAM cell. The selected
MRAM cell 1s written to the logic state of the data input signal
D (Box 735).

The data input signal and the address signal are tested (Box
740) to determine 11 all selected MRAM cells that are to be
written are written. If the selected MRAM cells are not all
written, the address 1s decoded (Box 700) and the process
repeated. If the selected MRAM cells are written, the writing,
process ends.

The spin-torque MRAM array of this invention provides a
more area elficient, smaller spin-torque MRAM array. The
two step writing method (writing the first logic level (0) 1n the
first step and writing the second logic level 1n the second step
(1)) allows for operation with the source select lines that are
orthogonal to the bit lines of the array. The two step writing
method adds a very small overhead 1n the writing time while
the area of the spin-torque MRAM array 1s minimized.

While this mvention has been particularly shown and
described with reference to the preferred embodiments
thereot, 1t will be understood by those skilled 1n the art that
various changes 1 form and details may be made without
departing from the spirit and scope of the mvention.

The mvention claimed 1s:
1. A spin-torque MRAM cell array comprising;:
a plurality of spin-torque MRAM cells arranged 1n rows
and columns, each spin-torque MRAM cell comprising:
a magnetic tunnel junction element, and
a select switching device having a drain terminal con-
nected to a first terminal of said magnetic tunnel junc-
tion element;
a plurality of bit lines, each bit line associated with one

column of the columns of the plurality of spin-torque
MRAM cells and connected to a second terminal of said

magnetic tunnel junction element;
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a plurality of word lines, each word line associated with
one row of the plurality of spin-torque MRAM cells and
connected to a gate terminal of said select switching
device of each spin-torque MRAM cell on each row to
control activation and deactivation of said select switch-
ing device;

a plurality of source select lines, each source select line
placed orthogonally to said plurality of bit lines and
associated with one pair of rows of said plurality of
spin-torque MRAM cells and connected to a source
terminal of said select switching device of each of said
spin-torque MRAM cells on the associated pair of rows
of said plurality of spin-torque MRAM cells wherein
cach source select line transmits a source line 1nput
signal applied to the source of the select switching
device of at least one of the plurality of spin-torque
MRAM cells on a selected word line and 1s set at a first
logic level during a first writing step of selected spin-
torque MRAM cells on the selected word line and sub-
sequently toggled to a second logic level during a second
writing step, wherein the first logic level 1s different
from the second logic level; and

a plurality of column write select devices, each column
write select device associated with one column of said
plurality of spin-torque MRAM cells and having a
source terminal connected to the associated bit line of
said plurality of bit lines, a drain terminal connected to
receive a data input signal and a gate terminal connected
to receive one of a plurality of column write select sig-
nals.

2. The spin-torque MRAM cell array of claim 1 wherein
said data input signal comprises separate bits to be transierred
individually to each of said drains of said plurality of column
write select devices.

3. The spin-torque MRAM cell array of claim 1 wherein
said data mnput signal 1s a single bit and all the drain terminals
of said plurality of column write select devices are commonly
connected.

4. The spin-torque MR AM cell array of claim 3 wherein all
of said plurality of source select lines are commonly con-
nected and the source line input signal 1s an 1nverse data input
signal.

5. The spin-torque MRAM cell array of claim 1 further
comprising an apparatus for writing a selected spin-torque
MRAM cell comprising:

means for activating the word line associated with said
selected spin-torque MRAM cell;

means for activating the column write select signal con-
nected to the column write select device connected to the
column associated with said selected spin-torque

MRAM cell:;

means for applying data input signal to the drain of said
column write select device connected to the one column
associated with said selected spin-torque MRAM cell;
and

means for applying the source line input signal to the
source select line of the pair of rows associated with said
selected spin-torque MRAM cell and sets the source line
input signal to the first logic level during a first writing
step of selected spin-torque MRAM cells on the selected
word line and toggles to the second logic level during a
second writing step.

6. The spin-torque MRAM cell array of claim 3 wherein
when the mput data signal 1s equal to said first logic level
during said first writing step a program state of said selected
spin-torque MRAM cell does not change and when the 1input
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data signal 1s the first logic level during said first writing step,
the program state of said selected spin-torque MRAM cell
changes.

7. The spin-torque MRAM cell array of claim 6 wherein
when the 1input data signal 1s equal to said second logic level
during said second writing step the program state of said
selected spin-torque MRAM cell does not change and when
the input data signal 1s the inverse of the first logic level during
said second writing step, the program state of said selected
spin-torque MRAM cell changes.

8. The spin-torque MRAM cell array of claim 1 further
comprising an apparatus for writing a selected spin-torque
MRAM cell comprising:

means for activating the word line associated with said

selected spin-torque MRAM cell;

means for activating the column write select signal con-

nected to the column write select device connected to the

column associated with said selected spin-torque
MRAM cell;

means for applying the data input signal to the drain of said
column write select device connected to the one column
associated with said selected spin-torque MRAM cell;
and

means for applying an inverse data signal to the source
select line of the pair of rows associated with said
selected spin-torque MR AM cell to write the input data
signal to selected spin-torque MRAM cell.

9. The spin-torque MRAM cell array of claim 1 further
comprising an apparatus for writing the input data signal to a
plurality of selected spin-torque MRAM cells comprising:

means for activating the word line associated with said
plurality of selected spin-torque MRAM cell;

means for activating the column write select signals con-
nected to the column write select devices connected to
the columns associated with said plurality of selected
spin-torque MRAM cell;

means for applying data imnput signals representative of
input data to be written said plurality of selected spin-
torque MRAM cells to the drains of said column write
select devices connected to the columns associated with
cach of said plurality of selected spin-torque MRAM
cell; and

means for applying a source line mput signal to the source
select line of the pair of rows associated with said plu-
rality selected spin-torque MRAM cells and sets the
source line mnput signal to the first logic level during a
first writing step of selected spin-torque MRAM cells on
the selected word line to write said second logic level to
those selected spin-torque MRAM cell that are to have
the second logic level written to them and to leave
unchanged those of the plurality of selected spin-torque

MRAM cells that are to have said second logic level
written to them.

10. The spin-torque MRAM cell array of claim 9 wherein
said means for applying the source line input signal to said
plurality of selected spin-torque MRAM cells toggles to the
second logic level during a second writing step of selected
spin-torque MR AM cells on the selected word line for apply-
ing said second logic level to the source select line of the pair
of rows associated with said plurality of selected spin-torque
MRAM cells such that said first logic level 1s written to those
of the plurality of selected spin-torque MRAM cells that are
to have said first logic level written to them and leave
unchanged those of the plurality of selected spin-torque
MRAM cells that have had the second logic level written to
them.
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11. The spin-torque MRAM cell array of claim 1 wherein
an apparatus for writing input data to a plurality of selected
spin-torque MRAM cells have comprising:

means for performing a first writing step, comprising:

means for activating the word line associated with said
plurality of selected spin-torque MRAM cells,

means for activating the column write select signals
connected to the column write select devices con-
nected to the columns associated with said plurality of
selected spin-torque MRAM cells,

means for applying said input data signals to be written
said plurality of selected spin-torque MRAM cells to
the drains of said column write select devices con-
nected to the columns associated with each of said
plurality of selected spin-torque MRAM cells, and

means for applying the source line select signal as the
first logic level to the source select line of the pair of
rows associated with said plurality selected spin-
torque MRAM cell to write said second logic level to
all selected spin-torque MRAM cells having the sec-
ond logic level to be written to the those of the selected
spin-torque MRAM cells and leaving unchanged
those of the plurality of selected spin-torque MRAM
cells that have had the first logic level written to them:;
and

means for performing a second writing step comprising:

means for toggling said select line 1nput signal to the
second logic level to the source select line of the pair
ol rows associated with said plurality of selected spin-
torque MRAM cells such that said first logic level 1s
written to those of the plurality of selected spin-torque
MRAM cells that are to have said first logic level
written to them and leave unchanged those of the
plurality of selected spin-torque MR AM cells that are
to have the second logic level written to them.

12. The spin-torque MRAM cell array of claim 4 wherein
an apparatus for writing iput data to a selected spin-torque
MRAM cell comprising:

means for activating the word line associated with said

selected spin-torque MRAM cell;

means for activating the column write select signal con-

nected to the column write select device connected to the

column associated with said selected spin-torque

MRAM cell;

means for applying data mput signals representative of

mput data to be written said selected spin-torque

MRAM cell to the drain of said column write select

device connected to the column associated with said

selected spin-torque MRAM cell; and

means for applying said inverse data input signals to the

source select line of the pair of rows associated with said

plurality selected spin-torque MRAM cell to write said
input data to said selected spin-torque MRAM cell.

13. A spin-torque magnetic random access memory device
comprising

a plurality of spin-torque MRAM cell arrays arranged 1n a

plurality of groups, each spin-torque MR AM array com-

prising;:

a plurality of spin-torque MRAM cells arranged 1n rows
and columns, each spin-torque MRAM cell compris-
ing:

a magnetic tunnel junction element, and

a select switching device having a drain terminal con-
nected to a first terminal of said magnetic tunnel
junction element;

a plurality of bit lines, each bit line associated with one
column of the columns of the plurality of spin-torque
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MRAM cells and connected to a second terminal of
said magnetic tunnel junction element,

a plurality of word lines, each word line associated with
one row of the plurality of spin-torque MRAM cells
and connected to a gate terminal of said select switch-
ing device of each spin-torque MRAM cell on each
row to control activation and deactivation of said
select switching device,

a plurality of source select lines, each source select line
placed orthogonally to said plurality of bit lines and
associated with one pair of rows of said plurality of
spin-torque MRAM cells and connected to a source
terminal of said select switching device of each of said
spin-torque MRAM cells on the associated pair of
rows of said plurality of spin-torque MRAM cells
wherein each source select line transmuits a source line
input signal applied to the source of the select switch-
ing device of at least one of the plurality of spin-
torque MRAM cells on a selected word line and 1s set
at a first logic level during a first writing step of
selected spin-torque MRAM cells on the selected
word line and subsequently toggled to a second logic
level during a second writing step, wherein the first
logic level 1s different from the second logic level, and

a plurality of column write select devices, each column
write select device associated with one column of said
plurality of spin-torque MRAM cells and having a
source terminal connected to the associated bit line of
said plurality of bit lines, a drain terminal connected
to recerve a data mput signal and a gate terminal
connected to recerve one of a plurality of column
write select signals;

a bit line decode circuit to recerve an address, iput data,
and a read/write select signal, decode said address, input
data, and read/write select signal, and in communication
with said plurality of bit lines, said drain terminals, and
gate terminals of each of said plurality of write select
devices to select which of said bit lines are activated for
reading one of said spin-torque MRAM cells on each
selected column and activate those of said column write
select devices of a selected column to transier said input
data signal derived from said input data to one selected
spin-torque MRAM cell on at least one said selected
column;

a word line decode circuit to receive said address and 1n
communication with each of said plurality of word lines,
and decoding said address to activate one of said word
lines on one row of said array of spin-torque MRAM
cells; and

a select line decode circuit to recerve said address and said
read/write select signal to decode said address and 1n
communication with each of said plurality of source
select lines to select one of said source select lines from
decoding said address to provide the first logic level and
the second logic level for reading and said source line
input signal for writing said selected spin-torque
MRAM cells.

14. The spin-torque magnetic random access memory
device of claim 13 further comprising a sense amplifier con-
nected to each of the plurality of bit lines to receive a data read
signal from selected spin-torque MRAM cells, amplity and
condition said data read signal to generate output data read
from said selected spin-torque MRAM cells.

15. The spin-torque magnetic random access memory
device of claim 13 wherein said data input signal comprises
separate bits to be transierred individually to each of said
drains of said plurality of column write select devices.
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16. The spin-torque magnetic random access memory
device of claim 13 wherein said data input signal 1s a single bit
and all the drain terminals of said plurality of column write
select devices are commonly connected.

17. The spin-torque magnetic random access memory
device of claim 16 wherein all of said plurality of source
select lines are commonly connected to recetve the source
line mput signals that 1s an 1nverse data imnput signal.

18. The spin-torque magnetic random access memory
device of claim 13 wherein a selected spin-torque MRAM
cell 1s written by:

said word line decode circuit activating the word line asso-

ciated with said selected spin-torque MRAM cell;

said bit line decode circuit activating the column write

select signal connected to the column write select device
connected to the column associated with said selected
spin-torque MRAM cell;

said bit line decode circuit applying said data input signal

to the drain of said column write select device connected
to the one column associated with said selected spin-
torque MRAM cell; and

said select line decode circuit applying said source line

input signal to the source select line of the pair of rows
associated with said selected spin-torque MRAM cell
that 1s set the first logic level during a first writing step of
selected spin-torque MRAM cells on the selected word
line and to toggle to the second logic level during a
second writing step.

19. The spin-torque magnetic random access memory
device of claim 18 wherein when the input data signal 1s equal
to said first logic level during said first writing step, a program
state of said selected spin-torque MRAM cell does not change
and when the input data signal 1s the second logic level during
said first writing step, the program state of said selected
spin-torque MRAM cell changes.

20. The spin-torque magnetic random access memory
device of claim 19 wherein when the input data signal 1s equal
to said second logic level during said second writing step the
program state of said selected spin-torque MRAM cell does
not change and when the imput data signal 1s the inverse of the
first logic level during said second writing step, the program
state of said selected spin-torque MRAM cell changes.

21. The spin-torque magnetic random access memory
device of claim 13 wherein a selected spin-torque MRAM
cell 1s written to by:

said word line decode circuit activating the word line asso-

ciated with said selected spin-torque MRAM cell;

said bit line decode circuit activating the column write
select signal connected to the column write select device
connected to the column associated with said selected
spin-torque MRAM cell;

said bit line decode circuit applying data input signal as
said first logic level to the drain of said column write
select device connected to the one column associated
with said selected spin-torque MRAM cell; and

said select line decode circuit applying an mverse data
input signal to the source select line of the pair of rows
associated with said selected spin-torque MRAM cell to
write said first logic level to selected spin-torque

MRAM cell.

22. The spin-torque magnetic random access memory
device of claim 13 wherein a plurality of selected spin-torque
MRAM cells have the data input signal written to them by:

said word line decode circuit activating the word line asso-
ciated with said plurality of selected spin-torque MRAM
cell;
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said bit line decode circuit activating the column write
select signals connected to the column write select
devices connected to the columns associated with said
plurality of selected spin-torque MRAM cell;

said bit line decode circuit applying data input signals

representative of input data to be written said plurality of
selected spin-torque MRAM cells to the drains of said
column write select devices connected to the columns
associated with each of said plurality of selected spin-
torque MRAM cell; and

said select line decode circuit applying a source line input

signal to the source select line of the pair of rows asso-
ciated with said plurality selected spin-torque MRAM
cells and sets the first logic level during a first writing,
step of selected spin-torque MRAM cells on the selected
word line to write said second logic level to those
selected spin-torque MRAM cell that are to have the
second logic level written to them and to leave
unchanged those of the plurality of selected spin-torque
MRAM cells that are to have said first logic level written
to them.

23. The spin-torque magnetic random access memory
device of claim 22 wherein during said writing said input data
to said plurality of selected spin-torque MRAM cells said
select line decode circuit toggles to the second logic level
during a second writing step of selected spin-torque MRAM
cells on the selected word line for applying said second logic
level to the source select line of the pair of rows associated
with said plurality of selected spin-torque MRAM cells such
that said first logic level 1s written to those of the plurality of
selected spin-torque MRAM cells that are to have said first
logic level written to them and leave unchanged those of the
plurality of selected spin-torque MRAM cells that have had
the second logic level written to them.

24. The spin-torque magnetic random access memory
device of claim 13 wherein a plurality of selected spin-torque
MRAM cells have data written 1n two writing steps, wherein:

during a first of the two writing steps:

said word line decode circuit activates the word line
associated with said plurality of selected spin-torque
MRAM cells,

said bit line decode circuit activates the column write
select signals connected to the column write select
devices connected to the columns associated with said
plurality of selected spin-torque MRAM cells,

said bit line decode circuit applies the data input signal to
be written said plurality of selected spin-torque
MRAM cells to the drains of said column write select
devices connected to the columns associated with
cach of said plurality of selected spin-torque MRAM
cells, and

said select line decode circuit applying the second logic
level to the source select line of the pair of rows
associated with said plurality selected spin-torque
MRAM cell to write said first logic level to all
selected spin-torque MRAM cells having the first
logic level to be written to the those of the selected
spin-torque MRAM cells and leaving unchanged
those of the plurality of selected spin-torque MRAM
cells that have had the second logic level written to
them; and

during a second of the two writing steps:

said select line decode circuit applies said second logic
level to the source select line of the pair of rows
associated with said plurality of selected spin-torque
MRAM cells such that said first logic level 1s written
to those of the plurality of selected spin-torque
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MRAM cells that are to have said first logic level
written to them and leave unchanged those of the
plurality of selected spin-torque MRAM cells that
have had the second logic level written to them.

25. The spin-torque magnetic random access memory
device of claim 17 wherein a selected spin-torque MRAM
cell has the input data signal written to it by:

said word line decode circuit activating the word line asso-

ciated with said selected spin-torque MRAM cell;

said bit line decode circuit activating the column write

select signal connected to the column write select device
connected to the column associated with said selected
spin-torque MRAM cell;

said bit line decode circuit applying the data input signal to

be written said selected spin-torque MRAM cell to the
drain of said column write select device connected to the
column associated with said selected spin-torque

MRAM cell; and

said select line decode circuit applying said mverse data
input signals to the source select line of the pair of rows
associated with said plurality selected spin-torque
MRAM cell to write said mput data to said selected
spin-torque MRAM cell.
26. A method for programming a spin-torque MRAM cell
array comprising the steps of:
providing a plurality of spin-torque MR AM cells arranged
in rows and columns, each spin-torque MRAM cell
comprising;
a magnetic tunnel junction element, and
a select switching device having a drain terminal con-
nected to a first terminal of said magnetic tunnel junc-
tion element;
providing a plurality of bit lines by the step of:
associating each bit line with one column of the columns
of the plurality of spin-torque MRAM cells and con-
necting each bit line to a second terminal of said
magnetic tunnel junction element;
providing a plurality of word lines by the step of:
associating each word line with one row of the plurality
of spin-torque MRAM cells and connecting each
word line to a gate terminal of said select switching
device of each spin-torque MRAM cell on each row to
control activation and deactivation of said select
switching device;
providing a plurality of source select lines by the step of;
placing each source select line orthogonally to said plu-
rality of bit lines, and
associating each source select line with one pair of rows
ol said plurality of spin-torque MR AM cells and con-
necting each source select line to a source terminal of
said select switching device of each of said spin-
torque MRAM cells on the associated pair of rows of
said plurality of spin-torque MRAM cells, and
transmitting on each source select line a source line
input signal that 1s applied to the source of the select
switching device of at least one of the plurality of
spin-torque MRAM cells on a selected word line,
setting the source line 1input signal to a first logic level
during a first writing step of selected spin-torque
MRAM cells on the selected word line,
subsequently toggling the source line iput signal to a
second logic level during a second writing step.
wherein the first logic level 1s different from the sec-
ond logic level; and
providing a plurality of column write select devices by the
step of:
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associating each column write select device associated
with one column of said plurality of spin-torque
MRAM cells and having a source terminal connected
to each of said plurality of bit lines, a drain terminal
connected to receive a data input signal and a gate
terminal connected to receive one of a plurality col-
umn write select signals.

277. The method for programming a spin-torque MRAM
cell array of claim 26 wherein said data input signal com-
prises separate bits to be transferred individually to each of
said drains of said plurality of column write select devices.

28. The method for programming a spin-torque MRAM
cell array of claim 26 wherein said data mnput signal 1s a single
bit and all the drain terminals of said plurality of column write
select devices are commonly connected.

29. The method for programming a spin-torque MRAM
cell array of claim 28 wherein all of said plurality of source
select lines are commonly connected to receirve an 1verse
data mput signal.

30. The method for programming a spin-torque MRAM
cell array of claim 26 further comprising the step of:

writing a selected spin-torque MRAM cell by the steps of:

activating the word line associated with said selected
spin-torque MRAM cell;

activating the column write select signal connected to
the column write select device connected to the col-
umn associlated with said selected spin-torque
MRAM cell;

applying said data imput signal to the drain of said col-
umn write select device connected to the one column
associated with said selected spin-torque MRAM
cell; and

applying said source line input signal to the source select
line of the pair of rows associated with said selected
spin-torque MRAM cell such that when the input data
signal 1s equal to said second logic level during said
first writing step a program state of said selected spin-
torque MRAM cell changes to the second logic level
and when the input data signal 1s the first logic level
during said first writing step, the program state of said
selected spin-torque MRAM cell does not change.

31. The method for programming a spin-torque MRAM
cell array of claim 30 the step of applying said source line
input signal to the source select line of the pair of rows
associated with said selected spin-torque MRAM cell com-
prises the step of toggling the source line input signal from the
first logic level to the second logic level 1n a second writing
step such that when the mput data signal 1s equal to said
second logic level during said second writing step the pro-
gram state of said selected spin-torque MRAM cell does not
change and when the input data signal 1s the first logic level,
the program state of said selected spin-torque MRAM cell
changes to the first logic level.

32. The method for programming a spin-torque MRAM
cell array of claim 26 further comprising the step of:

writing data to said selected spin-torque MRAM cell dur-

ing a first writing step by:

activating the word line associated with said plurality of
selected spin-torque MRAM cell;

activating the column write select signals connected to
the column write select devices connected to the col-
umns associated with said plurality of selected spin-
torque MRAM cell;

applying data mput signal to the drains of said column
write select devices connected to the columns associ-
ated with each of said plurality of selected spin-torque

MRAM cell; and
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applying a first logic level to the source select line of the
pair of rows associated with said selected spin-torque
MRAM cell to write said second logic level to the
selected spin-torque MR AM cell when the iput data
signal 1s the second logic level and to leave unchanged
selected spin-torque MR AM cell the input data signal
15 said first logic level.
33. The method for programming a spin-torque MRAM
cell array of claim 32 further comprising the step of:
writing said input data to said plurality of selected spin-
torque MRAM cell, a second writing step 1s accom-
plished by:
applying said second logic to the source select line of the
pair of rows associated with said selected spin-torque
MRAM cell such that said firstlogic level 1s written to
the selected spin-torque MRAM cell when the input
data signal 1s said first logic level and leave unchanged
the selected spin-torque MRAM cell when the mput
data signal 1s the second logic level.
34. The method for programming a spin-torque MRAM
cell array of claim 26 further comprising the step of:
writing the mput data signal to said selected spin-torque
MRAM cells of the plurality of spin-torque MRAM
cells by the steps of:
performing a first writing step by:
activating the word line associated with said plurality
of selected spin-torque MRAM cells,
activating the column write select signals connected
to the column write select devices connected to the
columns associated with said plurality of selected
spin-torque MRAM cells,
applying mput data signals to the drains of said col-
umn write select devices connected to the columns
associated with each of said selected spin-torque
MRAM cells, and
applying a first logic level to the source select line of
the pair of rows associated with said selected spin-
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torque MRAM cells to write said second logic level
to all selected spin-torque MRAM cells for those of
the selected spin-torque MRAM cells having the
input data signal applied as the second logic level
and leaving those selected spin-torque MRAM
cells having the mput data applied as the first logic
level unchanged; and
performing a second writing step 1s accomplished by:
applying said second logic to the source select line of
the pair of rows associated with said selected spin-
torque MR AM cells such that said first logic level 1s
written to those of the plurality of selected spin-
torque MRAM cells that are to have said first logic
level written to them and leave unchanged those of
the plurality of selected spin-torque MRAM cells
that have had the second logic level written to them.
35. The method for programming a spin-torque MRAM
cell array of claim 29 further comprising the step of:
writing data to said selected spin-torque MRAM cell by the
steps of:
activating the word line associated with said selected
spin-torque MRAM cell;
activating the column write select signal connected to
the column write select device connected to the col-
umn associated with said selected spin-torque
MRAM cell;
applying said input data signal to the drains of said
column write select devices connected to the columns
associated with said selected spin-torque MRAM
cell; and
applying said inverse data mput signal to the source
select line of the pair of rows associated with said
plurality selected spin-torque MRAM cell to write

said 1nput data signal to said selected spin-torque
MRAM cell.




	Front Page
	Drawings
	Specification
	Claims

